adapting themselves to the influence of potentially harmful substances up to a certain level. As somebody said: 'Any living cell carries with it the experiences of a 1,000 million years of experimentation of its ancestors.' In the case of a dogmatic approach based on the insistence on a zerolevel, one must ask whether the real normal capacity to deal with potentially harmful stimuli is not underestimated. The valuable investigations on the electrocortical reflexes, as carried out by Professor V A Riazanov and other Russian workers, do not furnish proof, however, that absence of desynchronization of the a-rhythm in the EEG makes man more fit, healthy or productive.'
We feel that in both approaches the present knowledge of air pollution and its effects on health may be taken out of its true perspective.
In conclusion, I quote from the abovementioned paper prepared by Dr Joosting: ' There is no indication which criterion of the scale of parameters represents the transition of a healthy to an unhealthy abnormal condition. There is no commonly accepted guiding principle concerning the choice of tolerance with regard to the effects and the percentage of affected people accepted as normal or inevitable.
'Common sense, based upon the view that a clear and pure atmosphere guarantees an optimal health status of both valids and less-valids, is an adequate argument in the promotion of clean air.' Therefore, it seems undesirable to suggest or to accept limits of allowable concentrations which have not been proved to be adequate on a sound basis.
In general the opinions on the effect of air pollution are not yet fully supported by facts but we are under pressure to give advice on the allowability of definite concentrations of pollution.
It is, however, better not to force the pace by accepting or creating allowable concentrations which may or may not be valid. The existing lack of adequate information should be admitted. We can, however, aim at temporary and tentative guide lines based upon the criteria mentioned. On the other hand we should emphasize that statements based on suppositions as yet unproved cannot exonerate the community and its leaders from doing the utmost to diminish and prevent pollution.
Introduction I imagine that as I proceed with this report you will quickly perceive that its title, in order to be truly descriptive, should have read, 'The History of the Air Pollution Problem in the United States, the Current Situation, and What is Being Done About it'. But I expect that that would be too long to be indexed appropriately. For this reason, among others, we used the shorter title, 'The Air Pollution Problem in the United States'.
Going back only seven years in your memories, you will find that Professor Philip Drinker, then Professor of Industrial Hygiene at Harvard University, reviewed this subject quite well in his Harben Lectures entitled, 'Air Pollution and the Public Health', which he presented at the Royal Institute of Public Health and Hygiene in London in May of 1957 (Drinker 1957) . Although many of the observations that he made in those lectures have stood the test of time, these have also been years in which we have made, I believe, some noteworthy advances in our understanding and estimates of the problem in the United States. Therefore, I must beg your indulgence if I find it necessary to repeat some of Professor Drinker's points as I proceed to tell you of the current situation of the air pollution problem in the United States, how we reached this stage, and what we are currently doing about the matter. from the sulphur dioxide fumes coming from the smelter, was an early reminder of the potential of air pollution damage in the United States (Selby Smelter Commission Report 1915 , National Research Council of Canada 1939 . But these reports and the situations they describe did not strike the fancy of the public, or the medical or public health professions; they were soon forgotten, since they were generally considered as purely isolated phenomena of local interest only.
It was not until the early US Public Health Service studies of the potential carbon monoxide hazard in vehicular tunnels in 1928 and 1929 that it was realized by some that community air pollution could truly be a menace to the health of the public at large (Bloomfield & Isbell 1928 , Sayers et al. 1929 . At about the same time, the increasing use of organic lead compounds as useful additives to gasoline for the internal combustion engine focused our attention even more sharply on the association of community air pollution with human health, in this case as a result of exposure to the inhalation of lead and its compounds (Bloomfield & Isbell 1933) .
The interest manifested in these earlier investigations did not carry far beyond that of the investigators themselves and of their associates. Only when the severe acute air pollution episode occurred in Donora, Pennsylvania, in the fall of 1948, was there raised a really sustained cry in the United States about the human insult that was involved. This clamour has been carried on into the present in our country.
The Donora Episode (Schrenk et al. 1949) The town of Donora, Pennsylvania, with its population of some 14,000 persons, was severely affected by an acute episode of air pollution lasting a few days that felled a large number of persons. The episode began during the last week of October 1948, when a temperature inversion and a stagnant anticyclone occurred over a wide area of the north-eastern United States. The unusually prolonged condition, associated with fog, resulted in the accumulation of atmospheric contaminants to abnormal concentrations, particularly in highly industrialized areas. Donora was one such area. There, the air concentrations of noxious substancesarising from a zinc smelter, a steel plant, and a large metal-fabricating factory, as well as from homesreached levels high enough to cause serious effects. Donora lies in a deep valley on the inside of a sharp horseshoe bend of the meandering Monongahela River some 30 miles south of Pittsburgh. On the morning of October 27, 1948, the atmosphere of Donora became very still, there was marked temperature inversion and fog enveloped the city. The condition continued until October 31, when there was afternoon rain and this cleared the air. In that interval of four days there was a great deal of respiratory illness. During that period there were 17 deaths in the community, which normally experienced an average of 2 deaths in an equivalent period at that time of year.
Cough was the single dominant symptom. The frequency of other symptoms was in the following descending order: soreness of throat, a sense of chest constriction, headache, dyspncea, a burning sensation of the eyes, orthopncea, lacrimation, vomiting, nausea without vomiting, and excessive nasal discharge. Neither the prevalence nor the severity of illness was influenced by sex, race, occupation, length of residence in the community, or degree of physical activity just before the symptoms began. There was, however, a relationship between both frequency and severity of illness with increasing age. The illnesses of the largest number of persons began on the third day of the episode.
Of the 17 deaths, 15 occurred on the third day of the incident. The ages of the persons who died ranged from 52 to 84 years, with a mean of 65 years. Pre-existing disease of the cardiorespiratory system was the significant common factor among them.
Autopsies were carried out on 5 of those who died (3 died during the episode, 2 soon afterwards). Of these, 3 showed acute irritative changes in the lungs, characterized by capillary dilatation, heemorrhage, cedema, purulent bronchitis and purulent bronchiolitis. Chronic cardiovascular disease, the origin of which long antedated the episode, was a prominent finding. This observation confirmed the conclusion, previously reached on clinical grounds, regarding the significance of pre-existing heart disease in the nature of the illness that developed during the episode. Ten years after the episode, in 1958, an investigation was made to determine the mortality and health experience of the people who had been in Donora at the time of the incident. This showed that those who had been affected adversely in the episode in 1948 were especially likely to have had poor health records in the subsequent years (Ciocco & Thompson 1961) .
This episode at Donora made the Public Health Service and others realize that air pollution could be a serious threat to our health in America.
Los Angeles Smog
About the time the Donora study was published, 1949 and 1950, clamour about air pollution was being heard from Los Angeles. The city and the surrounding community were suffering increasingly from air haziness associated with eye-smarting (and a lesser amount of coughing) which was being ascribed to air pollution, there termed 'smog'.
All the following factors have contributed to the air pollution problem in Los Angeles: (1) The terrain: a gently sloping, 1,600-square-mile coastal plain along the Pacific Ocean, bounded by high mountains on three sides. (2) The climate: sunny, wvarm, and relatively arid, with gentle breezes blowing in from the ocean, and subject to very frequent and prolonged temperature inversions.
(3) A population that has increased greatly in recent years without, of course, a concomitant increase in the 'air supply': the population of Los Angeles County was 2,800,000 people in 1940, 6,000,000 in 1960. (4) A very rapid increase of motor vehicles: 1,200,000 in 1940, 3,200,000 in 1960. (5) The associated rapid increase in gasoline consumption: 1,900,000 gallons a day in 1940, 6,200,000 in 1960. (6) The tremendous growth of industry, a growth that began about 1940 and has continued unabated to the present, changing the area from a leisurely resort to a highly industrialized community.
In 1947 a county-wide law was passed for control purposes, after the State legislature had enacted the required enabling law (Kennedy 1954 ) but even then action for control was slow. At about the time that the Donora study report was disseminated in 1949-50 the Los Angeles air pollution problem began to receive national and international attention. The authorities there were fearful that what had happened in Donora could happen in their community. Studies showed that people' in the county were experiencing eye irritation and cough on days when a peculiar, low-lying haze appeared at about midday, and this was associated with vegetation damage, especially to the flat-leafed vegetables, such as spinach. This was the so-called smog. It was found to be due to one or more substances produced in the ambient air by the photochemical influence of the ultraviolet rays of sunlight acting upon the airborne nitrogen oxides and olefinic hydrocarbons. The hydrocarbons had their origin in the unburned and inadequately burned gasoline (petrol) discharged from motor vehicles; the nitrogen oxides derived from the combination of the oxygen and nitrogen of the air, reacting in the high temperature of the cylinders of the automobile engine. Although at one time it was believed that the ozone produced in this airborne photochemical reaction was the principal cause of the eye irritation, this is not now generally accepted. The effect is now ascribed to a group of substances, and especially to peracylnitrates, highly reactive materials formed in the photosynthesis but having very short half-lives in the ambient air. Although ozone in this reaction is now considered of less importance as a membrane irritant, its concentration and that of other oxidants are used as measures of the degree of photosynthesis involving nitrogen oxides and hydrocarbons.
Except for the mass-induced eye-irritation, with its manifestation of excessive tear formation, the subjective complaint of some mild resistance to respiration, the mental distress of the populace that is fearful of what the air pollution may be doing to its health, the fear of the occurrence of a serious, acute episode, and some suggestive evidence that the pollution triggers attacks of bronchial asthma, Los Angeles air pollution has so far not been reported to have shown any direct adverse effects on human health. But studies of this matter are continuing on an increasing scale even today, both in epidemiological and experimental investigations.
It is on the basis of all these data and upon some surmises that fairly stringent control measures have been introduced in the Los Angeles area. These measures have probably only kept the air pollution levels from rising, in spite of the rapid population increase. The major control measures that have been instituted include the following: (1) Elimination of sulphur dioxide discharges from oil refineries. (2) Strict control of discharges from stacks of all industrial plants.
(4) Control of other outdoor rubbish burning. (5) Gasoline vapour loss-control at gasoline refineries. (6) Odour control, especially at foodprocessing plants. (7) Reduction by statute of the olefinic content of automotive gasoline. (8) Reduction of sulphur oxide discharges from power plants by control of fuels used. (9) Control of discharges of unburned and partially burned gasoline from automobiles. The last item has been receiving special attention. in the past several years. The only device that has yet been accepted as a requirement for gasoline-driven automobiles is the so-called 'blowby' device, the unit that collects and re-uses the unburned gasoline vapours that are blown by the pistons and reach the crankcase where they would ordinarily be discharged through the crankcase road draught tube. Beginning in 1961, this device was present in all new automobiles sold in the State of California. Since 1963, all new auto-mobiles manufactured and sold in the entire United States, and virtually all imported cars, have come equipped with an acceptable 'blowby' device. Older cars in California are now required to have the device installed before sale. This 'blowby' device accounts for the elimination of about 25 % of the unburned gasoline vapour coming from the automobile. Devices to eliminate the unburned and partially burned gaseous fuels that are discharged through the exhaust manifold pipes of automobiles have not yet been made to the required rigid specifications of economy, performance, and endurance.'
Other Parts of the Country Partly because of the publicity given to the Donora episode and the clamour coming from Los Angeles, the air pollution message has spread over the entire United States. There is now acceptance by the populace that air pollution is a problem that needs attention. The Public Health Service has played a major role in stimulating this awareness.
Among the obvious sources of pollution of the atmosphere, varying in degree in different communities, are: (1) Burning of fossil fuels, such as coal and oil. (2) Industrial manufacturing.
(3) Combustible waste disposal by burning, especially open burning. (4) Motor vehicles. Each of these groups has shown a great increase recently, for many economic and technological reasons. From a survey that we made in 1960, we estimated that, as a result of these activities, there were then over 300 urban communities in the United States that had 'major' air pollution problems; and 850 communities had 'moderate' problems, the degree having been gauged by our own air pollution experts. We estimated, further, that the number of communities having minorbut still recognizableair pollution problems ran into several thousands (Schueneman 1963) .
Air pollution is a problem created essentially by the aggregation of people into limited areas. In 1960 some 96,000,000 of our total population of over 180,000,000 were living in only 213 urban communities with a combined land area of 25,544 square miles. That is to say, over 500% of our population live on considerably less than 1 % of our land area. These city people average about 3,750 persons per square mile! This compares with an average (for 1960) of 59 persons per square mile for the whole country (US Senate 1963) . ' In June 1964, after a long period of testing, California finally approved a number of devices for control of automobile exhaust emissions. All automobiles to be sold as '1966 models' in that State will be required to be equipped with such an approved device Our large cities especially have had an increase of pollution in recent years. In most of these the pollutants about which we are especially concerned are the membrane-irritating sulphur oxides (sulphur dioxide and sulphur trioxide) and the so-called 'inert' particulates, a conglomeration of miscellaneous materials that includes appreciable amounts of carbonaceous compounds. The particulates are important because it is probable that the irritant action of the sulphur oxides is intensified many times by being physically associated with them. Our special concern in this connexion is that these sulphur oxides (or possibly other substances that act similarly), although present in numerically low concentrations when compared to some other substances, can cause significant irritation of the human airways (and adjoining tissues and organs) when exposure is continued for months and even years.
We believe that air pollution in such large American cities as New York, Chicago, New Orleans, Saint Louis, Detroit and Nashville is indeed to be considered as a potential menace to the people's health, unless suitable measures are taken for control. New York City has already shown some objective evidence in this connexion (Greenburg et al. 1962 , Greenburg et al. 1963 , as have New Orleans (Lewis et al. 1962 , Weill et al. 1964 and Nashville (Zeidberg, Prindle & Landau 1961 , 1964 , Zeidberg & Prindle 1963 , Zeidberg, Horton & Landau 1963 , 1964 . Over the past five years we have made extensive investigations in Nashville; the results have shown what may happen to a people's health when it is almost continuously exposed to low concentrations of sulphur oxides and carbon-bearing particulates. From the reports issued so far, the following are associated with increasing air pollution:
(1) Bronchial asthmatic attacks in adults known to have bronchial asthma.
(2) Pulmonary anthracosis.
(3) Cardiorespiratory disease mortality.
Air pollution in America is not concerned only with Donora and Los Angeles. The problem is widespread and includes practically all of our large communities and a great many of our small ones as well.
For many of these communities, the polluted atmosphere extends from one area of legal jurisdiction to another. Air and its pollutants moves in a manner to confound our legal experts, so adjoining communities must pool their efforts. The Los Angeles effort was a case in point. More difficulty in this regard was met when two or more States were involved; and the difficulties increased further when two different countries were involved, as was the case between the United States and Canada at their border in the area between Detroit,' Michigan, and Windsor, Ontario. In this instance, the differences between the two countries were already covered by a treaty.
However, the differences between States, and even between cities, have emphasized the need for clarification of the subject by an outside, unbiased agency. The Public Health Service, the Federal agency concerned with air pollution studies from their earliest days in the United States, has often been called on for this purpose and for other purposes in regard to air pollution.
Public Health Service
The Public Health Service of the United States Department of Health, Education, & Welfare has long manifested an interest in the air pollution problem, particularly as it might affect the health of the people of the country. This it did by its broad authority for working in health. The National Air Sampling Network, for collecting and measuring suspended airborne particles is one of the works begun by the Service in 1953 and has continued since, on an expanding scale. There are now some 250 stations for the collection of such samples which co-operate with local air pollution and health authorities. These samples are analysed centrally and the data processed and recorded (US Department of Health, Education, & Welfare 1962).
It was not, however, until 1955 that the Public Health Service was given special legislative authority in this subject, and this included research on air pollution effects and control, authority for giving technical assistance to State and local authorities, as well as for training of much-needed experts in this field. This continued in effect until December 1963, when the Clean Air Act became law (US Department of Health, Education, & Welfare 1964) . This law makes many sweeping changes in the authority and responsibility of the Public Health Service, and is of special significance now for it brings us in America to a new era in our work in the air pollution field. (Incidentally, the identity of the title 'Clean Air Act' in America and Britain is noteworthy.)
The Clean Air Act On December 17, 1963, President Lyndon Johnson signed into law the Clean Air Act. Among other things, he said at the time '. . . this Act will permit expanded research, foster co-operative efforts among the States, and provide better State and Federal control over pollution . . .' The Act, in my opinion, signals the beginning of entirely new and much stronger efforts toward control of air pollution, based upon the acceptance by governmental authority that air pollution is worseningit is appearing in places where it did not previously exist and is becoming more severe where it was known before and that, because it is known to cause and aggravate human illness and to cause vegetation damage and soiling of property and because it reduces visibility, it must be controlled. Recognizing that air pollution control is primarily a responsibility of local governmental authority, the Act authorizes the expenditure of funds for the formation of such control units in local (and area-wide and State) governments, and to strengthen such units where they now exist.
Other specialized areas of work for which funds are authorized include the following:
(1) Authority for the Federal Government to assist in enforcement of air pollution control, under specified circumstances. (2) Development of air quality criteria. (3) Intensive research to be done in desulphurization of fuel. (4) Special effort to reduce pollutants from motor vehicle discharges.
The Public Health Service and its parent unit of government, the Department of Health, Education, & Welfare, are charged with carrying out the Act. I can do no better than to quote from a recently-published analytical statement about the Act: 'The knowledge and techniques are now available to control many of the major sources of air pollution throughout the Nation. The challenge lies in putting them to use in the cities and States that have not yet come fully to grips with the problem of air pollution. The Clean Air Act places substantially more of the resources of the Federal Government at the disposal of the American people, to enable them to move forward with reasonable speed toward solution of the air pollution problem. The tools of knowledge, resources, and law can, for the first time, be applied nationally to deal with a problem of the utmost national importance' (US Department of Health, Education, & Welfare 1964).
The increasing recognition of the problem, as is shown by the new law, shows that the air pollution problem is indeed accepted in the United States as a matter that needs to be seriously dealt with. Its control is possible but will undoubtedly be costly. Air must be kept clean enough for humans to breathe with impunity.
